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ABSTRACT
Silicon ion iniplantation on GaAs through tantaluni silicide film
is investigated. The rapid thermal annealing is used to activate the
dopant and to provide the abrupt shallow junction. After annealing
process, the carrier mobility, ideality factor, and barrier height of
Ta5Si3/GaAs Schottky diode were measured. The carrier profiles were
determined by C-V and differential Hall methods. The Rutherford back
scattering and photo—reflectance were performed in order to study the
interdiffusion and internal field near the surface. Our experiments
show the through-film (tantalum silicide)-implantation is the promising
process in SAG technology.
1. INTRODUCTION
Ion implantation is becoming an important processing step in
GaAs-based devices for both doping and isolation purposes. The
through-film implantation has recently been investigated. This method
can protect the sample surface and give rise to shallow junction. It
can be applied to fabricate high Gm SAG MESFET. The material of this
thin film has been studied. K.V. Vaidynathan et al. [1], A. Lidow et
al. [2] , N. Kuzuhara [3] , and H. onodera et al. [4] reported on
Si02 , , SiON and A1N, respectively. Meanwhile, the annealing process
after this ion implantation is an interesting topics to be investigated.
The use of rapid thermal annealing (RTA) technology to anneal out the
crystalline defects induced by the implanted Si ions and to suppress
the Si ions diffusion promises to have a significant impart on the
device technology of these materials. So the rapid thermal annealing
of through-thin-film-implantation is worth to be studied.
In this report, we concentrate on Ta5Si3 as an encapsulant layer.
The thermal expansion coefficients(a) of GaAs and Ta5Si3, are 6.9X 106/K
and 6.6X 106/K respectively. These close values of a will prevent the
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peel problem during rapid thermal annealing. Meanwhile, the tantaluni
suicide is high temperature stable gate material [5] . In SAG technology,
Ta5Si3 has the advantage of other material. In this work, the carrier
profile of the through-film (Ta5SL3) implantation were investigated.
The Rutherford Back Scattering (RBS) and Photoreflectance (PR) inea
surements were analyzed to study interdiffusion and internal field
problem. The trap states of defect after RTA are determined by deep-level
transient spectroscopy (DLTS).
2. EXPERIMENTAL PROCEDURES
The tantalum silicide films were r.f. sputtered on semi-insulating
GaAs substrates in an Anelva SPF -2lOB system. The typical parameters
were 100W in power and 20 mtorr in pressure. SC ions were then implanted
at 100 and 60 KeV through the Ta5Si3 layer with a dose of 2X 1O'4cm2,
followed by rapid thermal annealing at 900°C for 5, 10, or 15 seconds.
During the annealing, the Ta5Si3 layer acts as an annealing cap. The
carrier profile were measured from C-V (HP 4275A) and differential Hall.
The ideality factor and barrier height were studied from I-V charac-
teristics (HP 4145) . The mobility was measured by using van der Pauw
method. The interdiffusion between films and the GaAs wafer was
investigated by RBS and PR. The DLTS measurements were performed to
determine the trap state.
3. RESULTS AND DISCUSSION
The mobility measured from Hall for various conditions were collected
in Table I. The values of the mobility are empirical fit to the results
from Hilsum [6]. The rapid thermal annealing can activate the dopants
and provide the abrupt shallow junction. In Table I, the longer anneal
time results the deeper junction and higher value of mobility. Next,
the experimental carrier profiles for implantation through thin film
were obtained by C-V and differential Hall measurements. Fig. 1 shows
the data of sample with implantation energy 100 KeV at dose 2X 1O'41cm2
through Ta5Si3 (600 A) film after RTA 900°/5sec and 900°C/l5sec. From
LSS theory, the normalized projected range is about 727.2 A and the
standard deviation is 177.9 A. These imply a peak near the surface can
be observed. But, the above data gives a rather flat profile with
abrupt junction about 1000 A. The percentage of the electrical activation
near the surface is less than 10%. Further investigation near surface
needs to be performed. Here, we consider the electrical properties of
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the schottky diode. The ideality factor (n) , barrier height, and leakage
current density are collected in Table II. The ideality factor (n) is
approximately 1.2. The barrier height varies froiri O.65O.67eV. (It is
calculated from I-V data.) Now, the interdiffusion was studied by RBS
measurements. Fig. 2 is RBS data for sample C-3. The inset is RBS
data for pure GaAs. Near the interface, the signal of gallium and
arsenic is not so sharp as that in pure GaAs. It might be due to the
Ga and As interdiffusion into Ta5Si3, It can explain the poor activation
near the surface and ideality factor (1 .2) . Figs . 3 photoreflectance
data of the above sample. The photoreflectance measurement reveals the
strength of the internal field and the energy gap of the film. Fig.
3 has clear main signal of energy gap (1.42 eV) and spin-'orbit splitting
(1.76 eV) . It confirms the perfect recrystallized after RTA. In Fig.
4, the Franz Keldysh Oscillation is observed. So the sample A-3 has
the strong E field near the surface. This internal field (2X 107V/m)
can be determined from(E.)*v.s. jj plot. This field existence implies
a large amount of trap states near the interface pin the fermi level
during the laser illuminated on the sample. From the width of main
signal, the recrystallization of sample A-3 is not so good as that in
sample C-3. So the RBS data for sample C-3 need to be examined, too.
After etching Ta5Si3 film from the surface, the RBS spectrum for sample
C—3 was taken. Fig. 5 shows the tantalum existing near the surface
(channel no. 781) with 700 A thickness. In this sample, the 100 KeV
implantation energy increases the amount of tantalum diffusing into
GaAs. So the thickness of the encapsulants and implant energy can be
adjusted in order to avoid the tantalum diffusion and get good quality
of the recrystallized layer.
In order to study trap state, we use Deep Level Transient spectroscopy.
The hole traps with energy .78eV and . 35eV were found (Fig . 6) . The
trap states of .35eV was labeled as HLll state. The state with Ev
+0 . 78eV was reported in Ta5Si3/GaAs (Epi) Schottky diode [5] . We
believe this trap state is due to tantalum diffused into GaAs during
RTA.
4. CONCLUSION
The through—film-implantation has been investigated for encapsulate
films Ta5Si3 It can be successfully used to achieve an abrupt shallow
junction channel. With proper implantation energy, the thickness of
Ta5Si3 and dose, the ideal junction depth can be obtained. For sample
implanted with energy 60 KeV at dose 2X 1O'4/cm2 after RTA 900°C/l5sec,
the photo—reflectance data indicates rather good recrystallization.
RBS shows a small amount of As and Ga diffused in Ta5 Si3 The ideality
factor of schottky is about 1.2. For sample implanted with energy 100
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KeV at dose 2 X 1 0 ' after RTA 900°C! 1 5 sec , the photo-refectance data
indicates a large internal field existing near the surface. The
recrystallization is not so good. The RBS gives the evidence of Tantalum
diffused into GaAs. Further experiments is needed to be done in order
to obtain optimum condition. So the through-film (Ta5Si3 or A1N)-
implantation can be used in SAG technology.
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Table I. The Hall mobility (p), sheet carrier concentration
(N5), and junction depth (d) measured from C-V
for various samples.
ltage, and leakage current
of Schottky diode under various conditions.
Sample I Leakage
Ideality I Barrier
Factor I Height(A/cm''2) (V)
Breakdown
Voltage
(V)
A—i 8.6i3E—6 1.19 0.651 1.30
A—3 3.86iE—6 1.24 0.672 1.44
B—i 6.309E—6 1.20 0.659 1.12
B—3 5.44iE—6 1.20 0.663 1.30
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A—i 300 iOO/2ei4
A—2 300 iOO/2e14
A—3 300 100/2e14
300
600
B-i
B-2
B- 3
C-i
C-2
600
900/5 1872 4.6e13 1250
900/10 1886 4.4ei3
900/15 1863 4.2e13 1350
i.iel3 1100
iOO/2ei4
iOO/2e14
10 0/2e14
60/2e14
60/2e14
300
9 00/5
900/10
900/15
C-3
1844
2349
900
1. 39e13
300 60/2e14
219890 0/5
900/10
90 0/15
2276
Table II.
8. 86e12
9. 71e12
9. 04e122330
The ideality factor,
breakdown vo
barrier height,
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Fig. 1. Carrier concentration profile
obtained from C-V and differential
Hall measurements.
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Pig. 2. Rutherford backscattering spectrum for the
sample C-3.
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Fig. 4. Photoreflectance data for the sample A-3.
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Fig. 3. Photoreflectance data for the sample C-3.
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Fig. 5. Rutherford
sample A-3.
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